Individuals with Rett syndrome have greatly impaired speech and language abilities. Auditory brainstem responses to sounds are normal, but cortical responses are highly abnormal. In this study, we used the novel rat Mecp2 knockout model of Rett syndrome to document the neural and behavioral processing of speech sounds. We hypothesized that both speech discrimination ability and the neural response to speech sounds would be impaired in Mecp2 rats. We expected that extensive speech training would improve speech discrimination ability and the cortical response to speech sounds. Our results reveal that speech responses across all four auditory cortex fields of Mecp2 rats were hyperexcitable, responded slower, and were less able to follow rapidly presented sounds. While Mecp2 rats could accurately perform consonant and vowel discrimination tasks in quiet, they were significantly impaired at speech sound discrimination in background noise. Extensive speech training improved discrimination ability. Training shifted cortical responses in both Mecp2 and control rats to favor the onset of speech sounds. While training increased the response to low frequency sounds in control rats, the opposite occurred in Mecp2 rats. Although neural coding and plasticity are abnormal in the rat model of Rett syndrome, extensive therapy appears to be effective. These findings may help to explain some aspects of communication deficits in Rett syndrome and suggest that extensive rehabilitation therapy might prove beneficial.
Introduction
Individuals with Rett syndrome acquire early developmental skills until 6-18 months of age, followed by rapid regression in speech, motor deficits, respiratory problems, and seizures (Chahrour and Zoghbi, 2007) . Loss-of-function mutation of one copy of the MECP2 gene is responsible for Rett syndrome and imparts a 50% chance of an autism spectrum diagnosis (Amir et al., 1999; Wulffaert et al., 2009 ). Social impairments, problems with speech and language, and sensory processing difficulties are common in individuals with Rett syndrome (Kaufmann et al., 2012; Lenn et al., 1986; Urbanowicz et al., 2015) . Recent studies have documented that speech and language abilities and the acquisition of early developmental skills are abnormal even in the pre-regression period; while some milestones are reached, acquisition of these skills is often delayed (Marschik et al., 2013; Neul et al., 2014) .
The abnormal perception of auditory stimuli appears to play a critical role in the communication difficulties observed in individuals with Rett syndrome. Auditory brainstem responses are normal, which indicates that the early stages of the auditory system are intact (Bader et al., 1989; Kálmánchey, 1990; Stach et al., 1994; Verma et al., 1987) . However, individuals with Rett syndrome exhibit severely degraded auditory cortex responses that have delayed onset latencies and weaker amplitudes compared to controls, indicating a decline in auditory processing at higher levels of the auditory system (Bader et al., 1989; Glaze, 2005; Stach et al., 1994; Stauder et al., 2006) . While almost all studies of auditory processing in Rett syndrome use simple clicks or tones as the auditory stimuli, a recent study documented cortical responses to the word "hi" spoken by the mother and by female strangers. While a familiar voice normally evokes a stronger response than an unfamiliar voice (Beauchemin et al., 2006 (Beauchemin et al., , 2011 Purhonen et al., 2004) , this study found that individuals with Rett syndrome exhibit a stronger response to a stranger's voice compared to their mother's voice (Peters et al., 2015) . More information about the brain's response to speech in Rett syndrome may clarify potential rehabilitation therapies.
No study has ever reported whether rehabilitation training can improve behavioral performance and neural responses in individuals with Rett syndrome. Numerous studies have focused on autism, and have documented that behavior and neural responses in individuals with autism can improve with behavioral training. Many studies have documented that intensive training can ameliorate some autism symptoms (Dawson et al., 2010; Landa et al., 2011; McEachin et al., 1993) . For example, children with autism who received 20 h of intervention per
